In the structures of the 2,6-bis(1,2,4-triazoly-3-yl)methyl-substituted pyridine compound, C 11 H 11 N 7 , (I) and the iodide triiodide salt, C 13 H 17 N 7 2+ ÁI À ÁI 3 À , (II), the dihedral angles between the two triazole rings and the pyridine ring are 66.4 (1) and 74.6 (1) in (I), and 68.4 (2) in (II), in which the dication lies across a crystallographic mirror plane. The overall packing structure for (I) is twodimensional with the layers lying parallel to the (001) plane. In (II), the triiodide anion lies within the mirror plane, occupying the space between the two triazole substituent groups and was found to have minor disorder [occupancy ratio 0.9761 (9):0.0239 (9)]. The overall packing of structure (II) can be described as two-dimensional with the layers stacking parallel to the (001) plane. In the crystal, the predominant intermolecular interactions in (I) and (II) involve the acidic hydrogen atom in the third position of the triazole ring, with either the triazole N-atom acceptor in weak C-HÁ Á ÁN hydrogen bonds in (I), or with halide counter-ions through C-HÁ Á ÁI interactions, in (II).
Chemical context
1,2,4-Triazole analogs first found applications in the pharmaceutical field as antifungal and antibacterial agents over 30 years ago. Recent developments are reviewed by Peng et al. (2013) . Recently, 1,2,4-triazole rings have been incorporated into ligands used in coordination compounds and polymers (Haasnoot, 2000; Aromí et al., 2011; Ouellette et al., 2011) . Related triazolium salts are being used as cations in ionic liquids (Porcar et al., 2013; Meyer & Strassner, 2011; Singh et al., 2006) , or as precursors to N-heterocyclic carbenes (Lin et al., 2014; Strassner et al., 2013; Huynh & Lee, 2013; Riederer et al., 2011) .
To better understand the suitability of the title compounds for use as ligands for the formation of lanthanide complexes, we became interested in the predominant interactions of 1,2,4-triazole rings in the solid state. Herein, we report the struc- ISSN 2056-9890 tures of 2,6-bis[(1H-1,2,4-triazol-1-yl)methyl]pyridine, (I), and 1,1-[pyridine-2,6-diylbis(methylene)]bis(4-methyl-1H-1,2,4-triazol-4-ium) iodide triiodide, (II). The solid-state structures of these compounds by themselves have not been reported, but their structures as ligands in cobalt(II) (Kim et al., 2010) and palladium(II) complexes (Huynh & Lee, 2013) are known.
Structural commentary
Compound (I) crystallizes in the orthorhombic space group, Pna2 1 , with the entire molecule in the asymmetric unit (Fig. 1) . The triazole rings are aromatic with C-C, C-N and N-N bond distances within a range of 1.314 (4) to 1.356 (3) Å . These are twisted above and below the plane of the pyridine ring with dihedral angles between the two triazole rings and the pyridine ring of 66.4 (1) and 74.6 (1) . The packing structure consists of a stack of triazole molecules with the same handedness translating along the c-axis direction. There are no intramolecular interactions due to the inherent steric hindrances within the molecule.
In contrast, compound (II) consists of a dication of 2,6-bis[(1H-1,2,4-triazol-1-yl)methyl]pyridine with methyl groups at the fourth nitrogen positions of the triazole rings, with mixed triiodide/iodide anions. This compound crystallizes in the space group C2/m with half of the dication, half of a triiodide (I1-I2-I3) and half of one iodide (I4) in the asymmetric unit (Fig. 2) . The triiodide counter-ion exhibits positional disorder, which was satisfactorily refined with split positions of 0.9761 (9):0.0239 (9), the minor component being I1 0 -I2 0 -I3 0 . Both disorder positions are on the mirror plane and discussions and illustrations relating to this counter-ion are focused on the major occupancy triiodide atom positions. The bond lengths in the triazolium rings indicate significant aromaticity with C-C, C-N, and N-N bond distances in the narrow range of 1.295 (7) to 1.362 (6)Å . The triazole rings are twisted from the plane of the pyridine ring, forming a dihedral angle of 68.4 (2) . There are no intramolecular interactions.
Supramolecular features
In compound (I), the predominant intermolecular interactions are the C-HÁ Á ÁN hydrogen bonds between the acidic hydrogen atoms of the triazole ring and the nitrogen lone pairs of the neighboring triazole molecule (Table 1) . For one asymmetric unit, there are a total of six hydrogen bonds with three neighboring molecules (Fig. 3) . These hydrogen bonds can be simplified into two categories: a) the nitrogen atoms involved are in the fourth position of the triazole ring (C1-H1Á Á ÁN7 and C11-H11Á Á ÁN7), and b) the nitrogen atom is in the second position of the ring (C2-H2Á Á ÁN6 A perspective view of compound (I), showing the atom-numbering scheme. Anisotropic displacement parameters are drawn at the 50% probability level. Table 1 Hydrogen-bond geometry (Å , ) for (I). forming a stack of one molecule on top of the other (Fig. 4) , although no -ring interactions are present [minimum ring centroid separation, 4.4323 (3) Å ]. Additionally, a non-acidic C-HÁ Á ÁN interaction is observed between the triazole nitrogen atom and the meta-hydrogen atom of the pyridine ring (C5-H5Á Á ÁN2) ( Table 1 ). The overall packing of structure (I) can be described as layers that lie parallel to (001).
In compound (II), when viewed along the c-axis, the triiodide anion lies on the mirror plane in the middle of the dication-iodide units, filling up a pore-like groove within the structure (Fig. 5) . There are no C-HÁ Á ÁN interactions in compound (II) because the triazole nitrogen atoms are bonded to the methyl groups. The acidic hydrogen atoms in the triazole ring now prefer to interact with the iodide ion. There are four C-HÁ Á ÁI(iodide) interactions per iodide: two from C-H donors from the same dication, and two additional interactions from neighboring dication C-H donors ( Fig. 6 ), (C2-H2Á Á ÁI4, C3-H3Á Á ÁI4; Table 2 ). Meanwhile, the triio- The predominant C-HÁ Á ÁN hydrogen bonds between triazole rings in one asymmetric unit of compound (I). H atoms not involved in the hydrogen bonding are not shown. For symmetry codes, see Table 1 . Table 2 Hydrogen-bond geometry (Å , ) for (II). 
Figure 4 Hydrogen-bond stacking of the pyridine N atoms and the methylene H atoms in compound (I). H atoms not involved in hydrogen bonding are not shown. [Symmetry code: (vii) x, y, z + 1; for other symmetry codes, see Table 1 .]
Figure 5
Compound ( Table 2 .] dide anion is involved in two C-HÁ Á ÁI(triiodide) interactions with, a) the meta-hydrogen atoms of the pyridine ring (C6-H6Á Á ÁI1), and b) the methylene hydrogen atoms (C4-H4BÁ Á ÁI2) (Fig. 7) . The minor occupancy triiodide molecule is not shown, but gives similar interactions to those described above for the major component (C6-H6Á Á ÁI1 0 and C4-H4Á Á ÁI2 0 as well as C4-H4AÁ Á ÁI1 0 ; Table 2 ). The overall packing of structure (II) can be described as two-dimensional with the layers stacking parallel to the (001) plane. (Meng et al., 2005 ) is a structure closely related to compound (I). In the solid-state structure, the imidazole nitrogen atoms prefer to form hydrogen bonds with water molecules in the asymmetric unit, not with the hydrogen atoms of the imidazole ring. In another closely related structure, 2,5-bis[(1H-1,2,4-triazol-1-yl)methyl]-1H-pyrrole (Lin et al., 2014) , the acidic triazole hydrogen atom also forms C-HÁ Á ÁN hydrogen-bonding interactions similar to those in compound (I).
Database survey
3 (Nielsen et al., 2002) , a structure closely related to compound (II), crystallizes as a monohydrate. An imidazole hydrogen atom also shows C-HÁ Á Áhalide(Br) interactions, and at the the same time these bromide anions also form hydrogen bonds with the water molecule in the asymmetric unit. Triazolium salt C-HÁ Á Áhalide interactions similar to those shown by compound (II) are also observed in ionic liquids utilizing triazolium cations (Porcar et al., 2013) .
Synthesis and crystallization
For the synthesis of compounds (I) and (II), a procedure similar to that reported by Huynh's group (Huynh & Lee, 2013 ) was used. In our attempts, we used the microwave technique for the synthesis of both title compounds but shortened the reaction time for each from 24 hr to roughly 15 min. For (I), 2,6-bis[(1H-1,2,4-triazol-1-yl)methyl]pyridine and 1,2,4-triazole (0.0241 mol, 1.665 g) were dissolved in 10-12 mL of acetonitrile by stirring. Once these had completely dissolved, K 2 CO 3 (0.0241 mol, 3.331 g) was added and briefly stirred to deprotonate the triazole. 2,6-Bis(bromomethyl)-pyridine (0.011 mol, 2.902 g) was then dissolved separately in 5 mL of acetonitrile. The two solutions were then combined in a 10-20 mL microwave vessel and placed in the microwave reactor for 15 min at 403 K, after which the acetonitrile was removed in vacuo. Compound (I) was isolated through recrystallization utilizing hot dichloromethane, producing colorless prismatic crystals suitable for single-crystal X-ray diffraction. Yield 83%. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All hydrogen atoms were placed in calculated positions and allowed to ride on their parent atoms at C-H distances of 0.95 Å for the triazole and the pyridine rings, 0.97 Å for the methyl group and 0.99 Å for the methylene group, with U iso (H) = 1.2U eq (C). In compound (II), the triiodide counter-ion showed positional disorder, and the positions were allowed to refine using constraints, introducing split positions of 0.9761 (9):0.0239 (9) (the minor component
, with satisfactory refinement. Computer programs: CrystalClear-SM Expert (Rigaku, 2011) , SIR2004 (Burla, et al., 2005) , SHELXS97 and SHELXL2013 (Sheldrick, 2008) and CrystalStructure (Rigaku, 2010) . (Rigaku, 2011) for (II). Program(s) used to solve structure: SIR2004 (Burla, et al., 2005) for (I); SHELXS97 (Sheldrick, 2008) for (II). For both compounds, program(s) used to refine structure:
SHELXL2013 (Sheldrick, 2008) ; molecular graphics: CrystalStructure (Rigaku, 2010) ; software used to prepare material for publication: CrystalStructure (Rigaku, 2010) .
(I) 2,6-Bis[(1H-1,2,4-triazol-1-yl)methyl]pyridine
Crystal data Symmetry codes: (ii) x+1/2, y+1/2, z; (iii) x+1/2, y−1/2, z; (iv) −x+3/2, −y+1/2, −z.
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